As a part of the international human genome project, large-scale genomic maps of human and other model organisms are being generated. More recently, mapping using various anchoring (as opposed to the traditional "fingerprinting") strategies have been proposed based largely on mathematical models. In all of the theoretical work dealing with anchoring, an anchor has been idealized as a point on a continuous, infinite-length genome. In general, it is not desirable to make these assumptions, since in practice they may be violated under a variety of actual biological situations. Here we analyze a discrete model that can be used to predict the expected progress made when mapping by random anchoring. By virtue of keeping all three length scales (genome length, clone length, and probe length) finite, our results for the random anchoring strategy are derived in full generality, which contain previous results as special cases and hence can have broad application for planning mapping experiments or assessing the accuracy of the continuum models. Finally, we pose a challenging nonrandom anchoring model corresponding to a more efficient mapping scheme.
INTRODUCTION
A complete set of ordered DNA clones spanning the genome of an organism provides a very powerful template for further genomic analysis. There are two major schemes used to order the clones. One is known as "fingerprinting," which consists in detecting overlapping clones using restriction fragment length patterns (called "fingerprints"); the other is known as "anchoring," which consist in detecting shared unique sequences (called "anchors").
Theoretical considerations of planning mapping projects based on fingerprinting were published initially in this area by Lander and Waterman. (4) Analogous analyses for projects based on anchoring have also appeared recently.(5 7.1) In all these works dealing with anchoring, an anchor was idealized as a point on a continuous genome. This approximation is good when the size of the probes (a probe recognizes a specific anchor sequence; it is for our purpose synonymous to an anchor) is much smaller than the size of the clones. Recently, an approximate discrete analysis has also been published (8~ where the authors were not able to derive closed-form formulas for short genome length. Theoretically, it is desirable not to make these assumptions (zero-length anchors and a continuous, infinite-length genome) if we can still solve the problem. More importantly, in practice, these assumptions may sometimes break down. Although these assumptions are applicable in many situations, we believe it is still useful to provide the exact results for those who may only want to map a particular segment of a genome (where the continuous approximation may not be applicable) or for those who use probes with length comparable to that of clones.
From an experimental standpoint, mapping the genome will take place in two stages: first, by building islands of linked clones with all available probes, and second, by linking these islands into a contiguous map by bridging the gaps between them. The'theoretical analysis presented in this paper can answer some of the Statistical questions in the first stage of
